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ABSTRACT 
The influence of some factors to extraction yield of amino acids from soybean residue (SR) 
was investigated. The composition of amino acids extracted from SR was determined by 
HPLC/MS-MS. The inhibitive effect of amino acids on mild steel in  NaCl solution and HCl 
solution were investigated by potentiondyamic polarization. As a result, we found that the 
optimal condition to extract amino acids from SR with the yield of amino acids extraction was 
47.10 % of the weight (based on the oven dried powder of SR), amino acids extracted from SR 
consist of 17 amino acids, and the mild steel inhibition efficiency of amino acids  was 74.71 %  
in 3.5 % NaCl and 80.20 % in 0.5 M HCl. 
Keywords: amino acids, soya-bean residue, corrosion,  inhibition, green inhibitor. 
1. INTRODUCTION 
Corrosion control of metals is an important activity of technical, economical, 
environmental and aesthetical importance. The use of inhibitors is one of the best options of 
protecting metal and alloys against corrosion. The toxicity of organic corrosion inhibitors to the 
environment has prompted the search for green corrosion inhibitors which are biodegradable and 
free of either heavy metals or other toxic compounds. Investigations of corrosion inhibiting abilities 
of tannins [1 - 3], amino acids [4 - 5] and organic dyes of plant origin are of interest, as in 
addition to being environmentally friendly and ecologically acceptable, plant products are 
inexpensive, readily available and renewable sources of materials. Amino acids are nontoxic, 
relatively cheap and easy to produce with purities greater than 99 % [6]. Most of the natural 
amino acids are the alpha amino acids which contain carboxyl and amino groups bonded to the 
same carbon atom. Amino acids have the ability to control corrosion of various metals such as 
carbon steel, zinc, tin and copper [7]. Amino acids behaves as an inhibitor in acid medium, 
neutral medium and in deaerated carbonated solution. 
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Soybeans are a globally important crop, providing oil and protein. Soybeans contain the 
basic amino acids such as isoleucin, leucin, lysin, metionin, phenylalanin, tryptophan and valin. 
The production of soybean products has been increasing throughout the world, and there has 
been a corresponding increase in the quantity of SR being thrown out. The dumping of SR has 
become a problem to be solved due to its contamination to the environment. SR is rich in fiber, 
fat, protein, vitamins, and trace elements. It has potential for valueadded processing and 
utilization; options that simultaneously hold the promise of increased economic benefit as well 
as decreased pollution potential for the environment. The objective of this study is to fully 
investigate the extraction of amino acids from SR to be used as green and environmentally 
friendly inhibitors for prevention of metal corrosion. 
2. MATERIALS AND EXPERIMENTAL METHODS 
2.1. Materials 
Soybean residue was collected from tofu production processes in Da Nang city. All 
reagents (NaCl and HCl) used for the electrochemical study were of analytical grade and double 
distilled water was used for their preparation. Mild steel specimens (CT33) of Hoa Phat Steel 
Join Stock Company were used for the measurement of electrochemical studies. The surface of 
the test steel specimens was mechanically polished by emery paper grade 400 and 1200 to 
ensure the same surface roughness, degreasing by acetone, rinsing with ethanol and drying in air 
before being immersed in the aggressive solutions.   
2.2. Extraction of amino acids from SR  
The influence of factors such as time, ratio of material : volume of solvent (HCl), 
concentration of HCl, and temperature to extraction of amino acids from SR was investigated to 
propose an optimum model for extraction of  amino acids with high efficiency. 
2.3. Isolation, purification and determination of amino acids components of SR 
SR was hydrolyzed in HCl solution. After hydrolysis process the extract was filtered to 
obtain the extract and the filtered extract was evaporated under vacuum in a rotary evaporator at 
about 60 
o
C until the extract of 50 % solids content was obtained. Finally, the powder was 
gained from the extract by a spray drying method. The components of amino acids were 
determinate by the high pressure liquid chromatography with mass spectroscopy HPLC/MS-
MS.  
2.4. Metal corrosion inhibition of amino acids  
The inhibitive effect of amino acids on the corrosion of mild steel in 3.5 % NaCl and HCl 
solutions of different concentration was investigated by the potentiodynamic polarization 
measurements at scanning rate of 5 mV/sec with a PGS-HH10 potentiostat/galvanostat 
equipment using a large stainless steel sheet as the auxiliary electrode. The electrode potential 
was measured against Ag/AgCl/Sat. KCl electrode. 
The inhibition efficiencies calculated from the polarization method using the equation: 
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where (ICorr)uninh  and (ICorr)inh are the corrosion current densities in uninhibited and inhibited 
solutions, respectively. 
3. RESULTS AND DISCUSSION 
3.1. The influence of some factors on the extraction of  amino acids from SR 
3.3.1. The influence of hydrolysis time 
Milled samples (1.0 g) obtained from SR were extracted with 2.0 mL of  6 M HCl at 
temperatures 100 
o
C and different extraction times 2.0, 2.5, 3.0, 3.5, 4.0, and 4.5 h. The obtained 
results are given in Fig. 1. 
The obtained results from Figure 1 showed that the yield of the extracts increased with 
increasing in hydrolysis time and the optimum extraction efficiency with hydrolysis time               
40 min. 
 
 
Figure 1. The influence of hydrolysis time on the extraction yield of amino acids. 
3.1.2. The influence of solid / liquid ratio 
The effect of the ratio of SR weight/ 6 M HCl volume to the extraction yield of amino 
acids was conducted with experimental parameters as in 3.1.1 with hydrolysis time 3.5 h. The 
obtained results are given in Fig. 2. 
It can be seen in Figure 2 that the extraction yields of amino acids increased with increasing 
ratios of solvent to material during range 10–20 mL/ 1 g. But, in the range of 20–30 mL/ 1 g, there 
was no significant difference or enhancement, which was probably due to the larger volume of 6 
M HCl solution causing excessive swelling of the materials by water and absorbing the effective 
constituent or that a higher HCl volume, some lipid compounds may be extracted, which can make 
larger diffusion resistance and, thus, limit the extraction content. Hence, a value of 1 g/20 mL of 6 
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M HCl was considered as the optimal ratio of material to solvent for the extraction of amino acids 
from SR. 
 
Figure 2. The influence of  6 M HCl volume on the extraction yield of amino acids. 
3.1.3. The influence of HCl concentration  
In investigating the influence of HCl concentration, several tests were performed at 
different HCl concentration. The rest of the variables employed were extraction temperature 100 
0
C, extraction time 3.5 h, ratio of material/HCl volume 1 g/20 mL.  
The obtained results from Fig. 3 showed that the yield of the extracts increased with 
increasing of concentration of HCl solution and the optimum extraction efficiency at 6 M HCl. 
 
 
Figure 3. The effect of concentration of HCl solution on extraction yield of amino acids.  
3.1.4. The influence of extraction temperature 
Generally, higher extraction temperature is profitable for the extraction and reduces the 
reaction time. To examine the performance of different extraction temperatures on the yields of 
amino acids from SR, an amount of 1.0 g materials were extracted for 3.5 h and ratio of solvent 
to material 20 mL/1 g at different temperatures.  
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Figure 4. The effect of hydrolysis temperature  on extraction yield of amino acids.  
Figure 4 shows that the yields of amino acids increased remarkably with increasing 
temperatures from 80 
o
C to 120 
o
C. Above 120 
o
C, the yields of amino acids changed slowly and 
even decreased. 
Therefore, the optimum conditions for the extraction of amino acids from SR were: the 
temperature of 120 
o
C, the extraction time of 3.5 h, the ratio of material: 6 M HCl solution of           
1 g : 20 mL, and the yield of amino acids extraction was 47.10 % (based on the oven dried 
powder). 
3.2. Determination of amino acids component 
The result of the high pressure liquid chromatography – mass spectrocopy method 
illustrated that amino acids extracted from SR contain some amino acids. 
 
Table 1. Amino acids extracted from SR. 
No Name of amino acids % 
01 Glycine 0.50 
02 Alanine 0.70 
03 Serine 0.35 
04 Proline 0.38 
05 Valine 0.36 
06 Threonine 0.57 
07 Leucine-izoleucine 0.53 
08 Methionine 0.09 
09 Phenylalanin 0.28 
10 Aspartic acid 0.57 
11 Tryptophan 0.04 
12 Cysteine 0.09 
13 Glutamic acid 1.36 
14 Lycine 0.80 
15 Histidine 0.30 
16 Tyrosine 0.13 
17 Cystine 0.09 
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3.3. The corrosion inhibition of mild steel of aminoacids extracted from SR 
3.3.1. The effect of amino acids concentration to mild steel corrosion inhibition in 3.5 % NaCl 
solutions 
The mild steel speciments were immersed in amino acids solutions of different 
concentrations 20, 30, 40, 50, 60, 70 mg/L in 10 min, followed by measurement of anodic 
polarization curves in 3.5 % NaCl. The obtained results are given in Figure 5 and Table 2.  
 
Figure 5. The polarization curves of mild steels in 3.5 % NaCl solutions containing different 
concentrations of amino acids: 0 mg/L (1); 20 mg/L (2); 30 mg/L (3); 40 mg/L (4); 50 mg/L (5);                      
60 mg/L (6); 70 mg/L (7). 
Table 2. The value of polarization resistance (Rp), corrosion current densities (icorr) and inhibition 
efficiencies (IE) of mild steel soaked in amino acids solutions. 
 
 
 
 
 
 It can be seen from Table 2 that the corrosion rates decrease tremendously as inhibitor 
concentrations increase and the optimum inhibitor efficiency occurs with amino acids 
concentration of 60 mg/L. The rate of cathodic and anodic reactions are reduced by reducing the 
current densities on both sides of the polarization curves in the studied potential region.  
  
U(V)
-0.4-0.45-0.5-0.55-0.6-0.65-0.7-0.75-0.8-0.85-0.9
j 
(
m
A
/
c
m
^
2
)
10
8
6
4
2
0
-2
-4
-6
-8
-10
-12
Conc. of  amino acids (mg/L) Rp (Ohm) icorr (mA/cm
2
) IE (%) 
0 98.0635 6.6513E-0002 0.00 
20 110.9854 5.9374E-0002 11.64 
30 130.6437 4.9926E-0002 24.94 
40 159.1289 4.3113E-0002 38.37 
50 167.9768 3.9362E-0002 41.62 
60 238.1261 2.7391E-0002 58.82 
70 211.9714 3.0771E-0002 53.74 
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3.3.2. The effect of immersion time of steel speciments in amino acids solutions 
The steel speciments were immersed in amino acids 60 mg/L solutions for different 
durations of  10, 20, 30, 40, and 50 min, followed by measurement of polarization curves in             
3.5 % NaCl. The obtained results are given in Figure 6 and Table 3.  
Table 3. The value of polarization resistance (Rp), corrosion current densities (icorr) and inhibition 
efficiencies (IE) of mild steel soaked in amino acids solutions in different time. 
The obtained results from Table 3 showed that the corrosion rates decreased as the 
immersion time of speciments in amino acids solutions increases and the optimum inhibition 
efficiency with immersion time 40 min. 
 
Figure 6. The polarization curves of mild steels in 3.5 % NaCl solutions with immersion time in                  
amino acids 60 mg/L solution: 10 (1); 20 (2); 30 (3); 40 (4), and 50 min (5).  
3.3.3. The corrosion inhibition of mild steel of SR amino acids in HCl solution 
The steel speciments were immersed in amino acids 60 mg/L solutions for 40 min, 
followed by measurement of polarization curves in HCl solutions of different concentration. The 
obtained results are given in Figure 7 and Table 4. 
Table 4. The value of polarization resistance (Rp), corrosion current densities (icorr) and inhibition 
efficiencies (IE) of mild steel soaked in HCl solutions 
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10 238.1261 2.7391E-0002 58.82 
20 308,9474 2.1111E-0002 68.26 
30 350.3858 1.8617E-0002 72.01 
40 387.8106 1.6821E-0002 74.71 
50 365.6808 1.7839E-0001 73.18 
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IE (%) 
0.1 26.8995 2.4248E-0001 37.7642 1.7272E-0001 28.77 
0.2 18.3195 3.5604E-0001 34.5311 1.8889E-0001 46.95 
0.5 6.6228 9.7902E-0001 33.4511 1.9499E-0001 80.20 
1.0 6.5779 9.9158E-0001 25.3077 2.5773E-0001 74.01 
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Figure 7. The polarization curves of mild steel in HCl solutions: (1) 0.1 M; (2) 0.2 M; (3) 0.5 M;                 
(4) 1.0 M with 60 mg/L amino acids solution. 
 
The obtained results from Table 4 showed that amino acids extracted form SR has the 
anticorrosive ability of mild steel in HCl solutions and  best inhibition in 0.5 M HCl. 
4. CONCLUSION 
The optimum conditions for the extraction of amino acids from SR were: the ratio of solid : 
6 M HCl of 1 g : 20 mL, the hydrolysis temperature of 120 
0
C, the extraction time of 3.5 h, and 
the yield of amino acids extraction was 47.10 % (based on the oven dried powder). Amino acids 
extracted from SR consist of 17 amino acids. 
The amino acids extracted from SR could serve as effective inhibitors for the corrosion of 
mild steel and inhibition efficiency was 74.71 %  in 3.5 % NaCl and 80.20 % in 0.5 M HCl with 
concentration of amino acids 60 mg/L and immersion time 40 min.  
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